Does corporate diversification reduce shareholder value? Since firms endogenously choose to diversify, exogenous variation in diversification is necessary to draw inferences about the causal effect. We examine changes in the within-firm dispersion of industry investment, or ''diversity''. We find that exogenous changes in diversity, due to changes in industry investment, are negatively related to firm value. Thus diversification destroys value, consistent with the inefficient internal capital markets hypothesis. Measurement error does not cause this finding. We also find that exogenous changes in industry cash flow diversity are negatively related to firm value. r 2002 Elsevier Science S.A. All rights reserved.
Introduction
Firms operating in multiple lines of business tend to have lower values than portfolios of similar focused firms, as shown in Berger and Ofek (1995) , Lang and Stulz (1994) and Servaes (1996) . This diversification discount has two explanations. First, it could be that diversification itself somehow destroys value. Second, it could be that diversification and lower value are not causally related, but merely reflect firms' endogenous choices. For example, perhaps low value firms choose to diversify, leading to a negative correlation between diversification and value. These two explanations are not mutually exclusive; it could be that low value firms choose to diversify, and this diversification lowers their value still further.
A measure of the degree of diversification is the within-firm dispersion of some characteristic, or ''diversity''. If diversification destroys value, and if diversity measures diversification, then diversity should be negatively correlated with firm value. For example, Berger and Ofek (1995) show that firms operating in unrelated businesses, defined as operating in different two-digit Standard Industrial Classification (SIC) codes, have lower values than firms operating in related businesses. Thus diversity in SIC codes is negatively correlated with value. In this paper, we test whether diversity in a variety of characteristics is negatively related to value. We focus specifically on diversity in investment opportunities.
To infer causation, one needs an exogenous instrument for the level of diversity. We use variation in diversity due to variation in industry characteristics. We relate changes in diversity to changes in value. Our identifying assumption is that the variation in industry characteristics is exogenous from the point of view of an individual diversified firm. Using this assumption, we define the exogenous change in diversity as the change due only to changes in industry characteristics. Using exogenous diversification allows us to study causality rather than correlation.
One specific explanation for the diversification discount is the inefficient internal capital markets hypothesis: diversified firms invest inefficiently, spending too little on their good segments and too much on their bad segments. Berger and Ofek (1995) find that diversified firms overinvest in segments with poor investment opportunities, and that this overinvestment is related to lower firm value. This explanation implies that diversity in investment opportunities destroys value, since diversity creates a situation in which the firm can inefficiently transfer funds from good segments to bad segments.
A variety of other evidence supports this cross-subsidization hypothesis. Lamont (1997) finds that when oil prices fall, oil firms lower their investment in non-oil segments. Shin and Stulz (1998) find that more generally, cash flow in one part of the firm affects investment in another part of the firm. Scharfstein (1998) tests predictions from Scharfstein and Stein (2000) , and finds that diversified firms invest too much in low Q segments and too little in high Q segments, consistent with intrafirm ''socialism''. Rajan et al. (2000) present a model where resources flow to inefficient divisions, depending on their size and investment opportunities. They examine segment investment, segment size, and industry Q; and find evidence consistent with their theory. They also find that firm value is negatively related to diversity in investment opportunities. We test this last finding of Rajan et al. (2000) , and in particular we test for a causal connection between diversity and value.
In addition to endogeneity, measurement error is a major issue when drawing inferences about the effect of diversification. Chevalier (1999) and Whited (2001) study the effects of measurement error, and argue that it explains some of the evidence on the inefficient internal capital markets hypothesis. Measurement error is a particular concern when studying the relation between diversity and excess value, because both the diversity measure and the excess value measure are calculated using the same underlying segment and industry data.
For example, diversity in investment opportunities can be measured using the diversity of industry Q's for each segment. However, the same industry Q's are also used to calculate the dependent variable, excess value. Thus measurement error potentially produces a mechanical correlation between the dependent and independent variable, leading to spurious inferences. For this reason, we measure diversity in investment opportunities using diversity in industry investment, not industry Q's. Industry investment should be correlated with industry investment opportunities, but less correlated with measurement error in industry Q: Since the variable used to generate diversity is different than the variable used to calculate excess value, hardwiring is less of a problem. We quantify the potential effect of measurement error, and find it to be small for our baseline specification.
The following example illustrates our empirical strategy of using industry shocks to identify the causal effect of diversity. Consider a diversified firm with two divisions of equal size, an aircraft division and an electronics division. Suppose the aircraft industry has much lower investment opportunities than the electronics industry, so that the firm has a high diversity in investment opportunities. We observe this diversity in investment opportunities by observing that focused firms in the aircraft industry have lower investment than focused firms in the electronics industry. According to the inefficient internal capital markets hypothesis, the diversified firm will spend too much on its aircraft division and too little on its electronics division, and this misallocation will cause the firm to have low value. Perhaps the firm follows a ''fair'' rule of splitting the capital expenditures evenly between the two divisions. Now suppose that, due to changing industry conditions, investment opportunities in the aircraft industry improve. This change will decrease the firm's diversity of investment opportunities, and as a result the ''fair'' allocation is less harmful. Thus an exogenous decrease in diversity, caused by industry shocks, leads to a decrease in misallocation and an increase in relative firm value.
To preview the results, we find that exogenous changes in investment diversity are negatively related to changes in excess value. Thus the observed diversification discount is not just a consequence of selection biases and endogenous choices by firms. Further, we show that measurement error is a very unlikely explanation for the negative effect of exogenous diversity. The contribution of this paper is to show the causal effect of diversification: diversification destroys value. This finding supports the inefficient internal capital markets hypothesis. We also find a negative relation between endogenous diversification and value. This finding is more ambiguous, but is consistent with the self-selection hypothesis that firms diversify in response to poor performance.
We also examine changes in diversity in industry leverage, sales growth, and cash flow. Changes in diversity in these other variables do not subsume exogenous changes in investment diversity, so in this sense the inefficient internal capital markets hypothesis survives. We find evidence that cash flow diversity, but not leverage or sales growth diversity, destroys value. Investment diversity does not subsume cash flow diversity.
We further investigate the inefficient internal capital markets hypothesis by examining segment investment in diversified firms compared to investment in focused firms. We find that, consistent with the hypothesis, firms smooth investment across segments compared to the investment of focused firms in the same industry. Although this specific evidence cannot prove causality, it shows that the available evidence on segment investment is consistent with the hypothesis that capital expenditures are inefficiently allocated within the firm. This paper is organized as follows. Section 2 describes previous research. Section 3 describes the sample and the construction of variables measuring exogenous and endogenous changes in diversity. Section 4 presents results for diversity in investment opportunities measured using industry investment. Section 5 explores diversity in other industry characteristics, including capital structure, profitability, and sales growth. Section 6 presents conclusions.
Previous research
In addition to the inefficient internal capital markets hypothesis, there are many general ways in which unrelatedness might reduce value. It could be that managers have limited expertise and cannot effectively manage diverse businesses, or that unrelated segments have conflicting operational styles or corporate cultures. This broader explanation also predicts that diversity of characteristics is negatively correlated with value.
Other theories predict a positive relation between diversity and value. In Lewellen (1971) diversity of cash flow variation is good if it allows greater tax benefits of leverage by reducing the volatility of cash flows and the probability of financial distress. Hadlock et al. (1999) argue that diversity might be good if managers' private information at the segment level washes out at the firm level, reducing information asymmetry. Another argument is that diversity in investment opportunities is good when internal capital markets function better than external markets, since it maximizes the scope of the internal market. Hubbard and Palia (1999) find evidence, using acquisitions in the 1960s, that gains are greatest when a financially unconstrained buyer acquires a constrained target. Thus diversity in financial constraints is good. Fulghieri and Hodrick (1997) , Stein (1997), and Wulf (2000) also discuss the possible benefits of diversity.
Value destruction or creation can occur in two ways. The value of any asset is the sum of discounted future cash flows, so that value can change either due to changes in cash flows or changes in discount rates. Lamont and Polk (2001) show that a substantial fraction of the cross-sectional variance of diversification discounts is due to variation in expected returns; firms with high expected returns have low values, and firms with low expected returns have high values. Most existing empirical work has focused on potential cash flow effects of diversification (for example, studies of profits or productivity in diversified firms). One could also imagine discount rate versions of existing explanations. For example, perhaps inefficient cross-subsidization involves taking excessively risky projects with high discount rates. We do not attempt to discriminate between these two sources of value destruction in this paper.
A variety of papers examine endogenous changes in diversity, in which firms choose to diversify (usually through an acquisition) or focus (usually through spinoffs or divestitures). Lang and Stulz (1994) , Hyland (2000) , Campa and Kedia (1999) , and Graham et al. (1999) all test whether endogenous diversifying behavior leads to a negative correlation of diversity and value, by studying whether firms have low value and poor performance before diversifying.
A frequent finding is that refocusing raises firm value, as in Comment and Jarrell (1995) and John and Ofek (1995) . Daley et al. (1997) find that spun-off segments experience improved performance, especially if they are unrelated (see also Kaplan and Weisbach, 1992) . Gertner et al. (1999) find that the investment of spun-off segments changes in a way consistent with the inefficient internal capital markets hypothesis. Ofek (1996, 1999) find that takeovers, leveraged buy-outs, shareholder pressure, managerial turnover, and other largely external sources are the cause of much refocusing. These findings are consistent with the idea that diversification destroys value, and that the market for corporate control helps eliminate value-destroying diversification (for related work, see also Schlingemann et al., 1999; Peyer and Shivdasani, 2000) .
If the decision to diversify reflects value-destroying managerial waste, one might expect endogenous increases in diversity to decrease value. Morck et al. (1990) and Maquiera et al. (1998) find that acquiring firm stockholders lose value in diversifying acquisitions. Schoar (1999) finds that firms that acquire plants in unrelated industries experience a subsequent decrease in total firm productivity. If in contrast, firms optimally choose to diversify as in Maksimovic and Phillips (1999) and Fluck and Lynch (1999) , one might expect all endogenous changes in diversification to have a positive effect, reflecting firms moving closer to the optimum. Of course, since endogenous actions are taken in response to events that the econometrician cannot observe, the observed correlation between endogenous diversification and value that we measure can never be conclusive about whether firms are behaving optimally.
Sample and variable construction

Data
Our sample consists of firms reporting segment data in the Compustat Current and Research database, 1979 Research database, -1997 . The data sources and variables are described more fully in the appendix. Following Berger and Ofek (1995) , we discard firm-years with segments in the financial services industry, total firm sales of less than $20 million, or discrepancies in segment and firm data. We also require firms to have information on firm-level equity, debt, investment, capital stock, and sales growth. The only segment level data we use for the main empirical results are sales, assets, and SIC codes for each individual segment (in Section 4.4 we briefly examine segment capital expenditures).
Our measure of excess value is based on market-book ratios. Q is the ratio of the market value of the firm (the market value of common stock plus the book value of total assets minus book equity minus deferred taxes) divided by the total book assets of the firm.
1 For each segment of a diversified firm, we find a group of matching focused firms with the same two-digit SIC code. We then calculate the median for each segment's industry, Q IND : We drop every diversified firm that does not have at least five matching focused firms for each of its segments. We then form % Q; the imputed value ratio, for the entire diversified firm as the weighted average of the industry Q IND 's:
where w j is the fraction of the firm's assets in segment j; Q i is market-book for focused company i; segment j's industry has N j focused firms, and the firm has n segments. We measure excess value by taking the log ratio, q À % q ¼ lnðQ= % QÞ; as in Berger and Ofek (1995) . Lower case letters indicate natural logs.
Our identification strategy requires using annual changes in variables. The change in excess value, Dq À D % q; is the difference between excess value for a given diversified firm between year t À 1 and year t: For the purposes of defining our sample, we classify a firm as diversified in year t if it has multiple segments in year t À 1: This classification allows us to examine exogenous and endogenous changes in diversity for firms that decrease their number of segments between year t À 1 and year t: We classify a firm as focused if it has one segment in both year t and year t À 1: We discard firms that have one segment in year t À 1 and multiple segments in year t; because such firms have no exogenous change in diversity between year t À 1 and year t:
Endogenous and exogenous changes in diversity
Our measure of diversity of some characteristic is the within-firm standard deviation of the segment characteristics in a given year. The characteristics we examine are industry benchmarks that come from the matching sample of focused firms. Our main focus is on dispersion in investment opportunities within the firm, measured by dispersion in industry investment. For a given segment and year, we measure industry investment, I IND ; as that year's median investment to capital ratio among focused firms in the segment's two-digit industry. For each focused firm, investment to capital is year t capital expenditures divided by year t À 1 net capital stock (book value). For each diversified firm, we measure diversity in year t as s t ; the standard deviation of I IND for the different segments. The change in diversity is Ds t :
Neither sales nor assets at the segment level affect this definition of diversity. The diversity measure is based on two-digit SIC codes. A firm consisting of two segments that are both in the same two-digit industry has diversity of zero, since mechanically a constant has a standard deviation of zero.
Changes in diversity reflect both changes in the structure of the individual firm and changes in industry characteristics. We call changes due to industry characteristics alone ''exogenous changes'' (reflecting actions not taken by the individual firm) and changes due to reported corporate structure as ''endogenous changes''. Let structure t be firm structure in year t; defined as the number and industry classification of segments. Let benchmark t be the set of industry characteristic values as of year t: Then the change in diversity is
The exogenous change in diversity, Ds X ; is the change in diversity between t À 1 and t that would have taken place if the firm had not changed its structure between t À 1 and t: Since this change is caused only by changes in industry characteristics (which we assume are not affected by actions taken by the firm), these changes are exogenous to the firm.
The endogenous change in diversity, Ds N ; is the change in diversity that takes place due to changes in firm structure between t À 1 and t: In order for Ds N to be nonzero, a firm must either add a new segment, delete an existing segment, or change the activities of an existing segment such that Compustat assigns it a new SIC code. An endogenous change in diversity can take place either because the firm changes its actual structure, or merely because the firm changes its reported structure. Either way, this change in reported structure reflects endogenous decisions by the firm.
The observed change in corporate structure reflected in Ds N is probably a very noisy indicator of economic changes in structure. Segment data only loosely corresponds to major events such as acquisitions and divestitures. Hyland (2000) examines a sample of 227 firms that increase the number of segments, 1978-1992. He finds that 150 (66%) are due to acquisitions, 23 (10%) are due to internal growth, and 54 (24%) are due to reporting changes only (Graham et al. (1999) find similar results in a 1980-1995 sample). Berger and Ofek (1999) examine a sample of 295 firms decreasing their number of segments, 1984-1993, and find that 107 (36%) cases represent true refocusing as opposed to reporting changes. Table 1 shows an example from our data set. In 1996, Northrop Grumman had two segments, an aircraft segment with industry investment of 17.6%, and an electronics segment with industry investment of 33.2%. Since industry median investment to capital ratios (reflecting investment by focused firms) were quite different for aircraft and electronics in 1996, by our measure Northrop Grumman was a fairly diverse firm. It also had a sizable discount of 29%, as its Q was below its imputed value. In 1997, Northrop Grumman changed its structure to include a third segment, Information Technology and Services. This change in segment reporting reflects both an acquisition in 1997 and a reclassification of existing assets (largely from the electronics division) into the new segment.
Northrop Grumman's diversity measure changed in two ways between 1996 and 1997. First, an increase in aircraft industry investment caused an exogenous decrease in diversity as aircraft and electronics investment became more similar (Table 1 also shows that aircraft industry Q also rose substantially). Had the firm not added a new Table 1 Structure, value, and diversity for Northrop Grumman Corp, 1996 Corp, -1997 Q is the market-book ratio of the firm, calculated as the ratio of the market value of the firm (the market value of common stock plus the book value of total asset minus book equity minus deferred taxes) divided by the total book assets of the firm. Q IND is the median Q among focused firms in the segment's industry. % Q is the imputed value ratio of the firm, calculated as the weighted average of the Q IND 's for each of the firm's segments, where the weights are the book assets of the segments. I IND is the median investment to capital ratio among focused firms in the segment's industry, where investment to capital is year t capital expenditures divided by year t À 1 net capital stock. s is diversity, the within-firm standard deviation of I IND : Lower case letters indicate natural logs. Ds X is the exogenous change in the standard deviation of I IND ; defined as s (year t structure, year t benchmarks) minus s (year t À 1 structure, year t benchmarks). Ds N is the endogenous change in the standard deviation of I; Ds N ¼ Ds À Ds X . segment, the changes in aircraft and electronics alone would have resulted in a decrease in diversity, from 11% to 7.2%. Thus the exogenous change in diversity is À3.8%. Second, the addition of a third segment with very high industry investment increased diversity, to a total of 19.6%. Thus the endogenous change in diversity is the difference between 7.2% and 19.6%, or 12.4%. Table 2 shows summary statistics and cross-correlations for the sample of diversified firms. The sample contains 11,974 annual observations for 1,987 different diversified firms in the 18 year period of 1980-1997. The average number of segments per firm is 2.7. The number of firms per year declines over time, from a high of 872 in 1981 to a low of 482 in 1997. Average and median excess values are negative at À2.8 and À6.1%.
2 Since the standard deviation of exogenous diversity change is 0.040 and the standard deviation of total diversity change is 0.045, most (80%) of the variation in diversity change is due to exogenous industry shocks. A statistic that is not shown in Table 2 is the correlation of industry investment and industry Q: Across industryyears, the correlation is 0.332, a moderately high positive correlation. Table 3 shows basic results for regressions of changes in excess value on changes in diversity in industry investment. The regression is simple pooled OLS; the standard errors have been adjusted for correlation of the residuals within years, and for heteroskedasticity. The robust standard errors allow for clustered sampling (dependence of observations within each year), following Rogers (1993) . The first column shows that the coefficient on the change in diversity is negative and significant. The coefficient implies that a one standard deviation increase in diversity lowers excess value by 1.1%.
Diversity in investment
One can use the coefficient on Ds to calculate the potential contribution of diversity in explaining the average level of the diversification discount. Mechanically, a focused firm has a s of zero. Since the mean of s is 0.049, the average level of diversity explains an average discount of À0:25 * 0:049 or 1.2%. Since the average discount in this sample is 2.8%, investment diversity alone can explain more than 40% of the level of the average discount.
Column (2) shows the results using the exogenous change in diversity. Exogenous changes in diversity have a negative and significant effect on excess value. This finding is the major result of this paper: diversification is negatively correlated with value not just due to selection biases and endogenous choices by firms, but also because higher levels of diversification somehow cause value destruction.
Column (3) shows that both exogenous and endogenous changes in diversity are negatively related to changes in excess value. Thus, as often hypothesized, an important reason for the negative correlation of diversification and value is endogenous diversifying behavior by firms. Unlike the coefficient on exogenous diversity, however, one cannot interpret the coefficient on endogenous diversity as evidence that diversification destroys value. The coefficient could reflect several possibilities: value-destroying diversification, value-creating diversification in response to some unobserved negative shock to the firm, or a tendency of diversified firms to divest high value businesses or to acquire low value businesses as in Graham et al. (1999) .
Column (4) adds to the regressions the year t À 1 level of excess value, the year t À 1 level of investment diversity, and year and firm fixed effects. The year and firm fixed effects are separate dummy variables for each of the 18 years and each of the 1987 firms. Including the lagged levels of excess value and diversity is meant to Table 2 Summary statistics Statistics for the sample of 11,974 firm-year observations from 1,987 diversified firms. Q is the marketbook ratio of the firm, calculated as the ratio of the market value of the firm (the market value of common stock plus the book value of total asset minus book equity minus deferred taxes) divided by the total book assets of the firm. % Q is the imputed value ratio of the firm using the segment's industry Q's, where the industry Q's are median Q's for single segment firms in the same two-digit industry as the segment, and the weights are the book assets of the segments. s is diversity, the within-firm standard deviation of industry median investment to capital ratios. Ds X is the exogenous change in the standard deviation of industry investment, defined as s (year t structure, year t benchmarks) minus s (year t À 1 structure, year t benchmarks). Ds N is the endogenous change in the standard deviation of industry investment, Ds N ¼ Ds À Ds X : Lagged q À % q is excess value in year t À 1: Lagged s is the standard deviation of industry investment in year t À 1: Lower case letters indicate natural logs. The sample period is 1980-1997. capture predictable mean reversion in these variables. The negative coefficient on lagged excess value reflects the fact that excess value tends to move towards its mean. Economically, this mean reversion can occur because firms with high excess values invest more (so that their book value goes up and the ratio of market to book falls), or because they tend to have low subsequent returns (so their market value goes down), as in Lamont and Polk (2001) . Including the lagged level of diversity helps to control for predictable movements in diversity. As seen in Table 2 , exogenous changes in diversity are quite predictable using the lagged level of diversity, since the correlation between the two variables is À0.40. Expected changes in diversity (due to expected changes in industry conditions) should already be reflected in market values as of year t À 1: Since we are interested in examining the effects of industry shocks on value, we purge changes in diversity of their expected component by putting the lagged level of diversity into the regression.
These additional control variables do not change the basic result that both exogenous and endogenous changes in diversity are negatively related to firm value. The coefficient on exogenous changes rises somewhat, while the coefficient on endogenous diversity is little changed. We use column (4) as our baseline regression.
Effects of measurement error
Measurement error is an issue in Table 3 since both the dependent variable and the independent variable are constructed using the same segment information and Table 3 Basic regression of change in excess value on change in diversity The dependent variable is Dq À D % q; the change in excess value. Ds is the change in the standard deviation of industry investment. Ds X is the exogenous change in the standard deviation of industry investment, caused only by changes in industry characteristics. Ds N is the endogenous change in the standard deviation of industry investment, caused only by change in corporate structure including number and SIC code of segments. Lagged q À % q is excess value in year t À 1: Lagged s is the standard deviation of industry investment in year t À 1: The number of observations is 11,974; the sample period is 1980-1997. ''Year and firm dummies'' indicate separate intercepts for each of 18 years and each of the 1987 firms. The standard errors, in parentheses, are calculated allowing for both heteroskedasticity and for the residuals to be correlated within each of the 18 years, 1980-1997.
(1) (2000) found examined segment data for 243 firms between 1978 and 1992, and found coding errors in 29 (12%), of which 16 involved backfilling of segment data.
The same measurement error appearing in both the dependent and independent variables can lead to spurious results. In interpreting the regression coefficients in columns (1) and (2) of Table 3 , the following simple framework is helpful. Suppose the true relation is
where % q n is the true log imputed value ratio for the firm and d n is the true diversity measure. We observe noisy measures of the true variables
Since both D % q and Dd are constructed using the same underlying variables, in general both cov(D % q n ; Dd n ) and cov(v; u) will be non-zero. If one regresses is Dq À D % q on Dd; the estimated coefficient (assuming that the measurement errors, u and v; are uncorrelated with the disturbance term e) is
Measurement error induces a biased coefficient in two ways. First, the familiar attenuation effect varðDd n Þ=ðvarðDd n Þ þ varðvÞÞ moves the coefficient towards zero. Second, the covariance term Àcovðv; uÞ=ðvarðDd n Þ þ varðvÞÞ causes b to be biased either positively or negatively. We call this second term ''covariance bias'', and consider it separately from attenuation.
While we cannot directly observe the covariance bias, we can observe c ¼ ððcovðv; uÞ þ covðD % q n ; Dd n ÞÞÞ=ðvarðDd n Þ þ varðvÞÞ; which is the coefficient in a regression of D % q on Dd: With a further assumption about the measurement error, we can bound the covariance bias. Let r be the fraction of cov(D % q; Dd) that is due to measurement error, r ¼ covðv; uÞ=covðD % q; DdÞ: The covariance bias is then Àrc: A natural extreme value of r is one, which corresponds to a scenario in which the matching procedure is completely useless and measurement error is so large that either the diversity measure or % q (or both) are complete noise. Although any value of Table 4 Robustness to measurement error and outliers In regressions (1)- (3), the dependent variable is D % q; the change in the natural log of % Q: % Q is the imputed value ratio, the weighted average of the segment's industry Q's. Ds is the change in the standard deviation of industry investment ratios. Ds X is the exogenous change in the standard deviation of industry investment ratios, caused only by changes in industry characteristics. Ds N is the endogenous change in the standard deviation of industry investment ratios, caused only by change in corporate structure. Lagged q À % q is excess value in year t À 1: Lagged s is the standard deviation of industry investment in year t À 1: In regressions (4)-(6), the dependent variable is Dq À D % q; the change in excess value. ''No outliers'' discards observations of Dq À D % q; Ds X ; and Ds N ; that are in the top or bottom 0.5% of their distributions. ''Year and firm dummies'' indicate separate intercepts for each year and firm. The number of observations is 11,974 (except for column (6), which is 11,624); the sample period is 1980-1997. The standard errors, in parentheses, are calculated allowing for both heteroskedasticity and for the residuals to be correlated within each year. r is possible, values between zero (corresponding to no measurement error) and one (corresponding to huge measurement error) seem most reasonable. We leave it to the readers to choose r as they see fit.
Columns (1) and (2) in Table 4 show estimates of the coefficient c: Consider the regression in column (2) of Table 3 , which shows a coefficient of À0.193 for exogenous changes in diversity. Column (2) of Table 4 shows that for this regression, c is À0.045. Thus if r is between zero and one, the true coefficient actually has a higher magnitude than the estimated coefficient, as both attenuation bias and covariance bias move the estimate towards zero. Thus measurement error cannot explain the negative and significant coefficient in column (2) of Table 3 .
Column (3) of Table 4 shows the multiple regression version with change in log imputed value as the dependent variable and our baseline variables on the right hand side. The coefficient for exogenous diversification is now positive but low at 0.024. This positive coefficient with D % q as the dependent variable obviously tends to produce a negative coefficient when Dq À D % q is the dependent variable. Compared to the coefficient of À0.302 in column (4) of Table 3 , however, the coefficient of 0.024 seems basically irrelevant.
Columns (4) and (5) of Table 4 show the effect of adding D % q to the right-hand side of the regressions. First, column (4) adds change in imputed value to the twovariable regression. Using the measurement error framework, in this regression the covariance bias is positive if r is greater than 0.42.
3 Despite a potentially positive bias when measurement error is extreme, exogenous changes in diversity still have a negative and significant effect. Including D % q in the baseline specification, in column (5), slightly lowers the coefficient on exogenous changes in diversity, but the coefficient is still negative and significant.
The last column of Table 4 discards extreme observations, defined as any observation which is in the top 0.5% or bottom 0.5% of the distribution of Dq À D % q; Ds N ; and Ds X : The coefficient on the exogenous changes in diversity is slightly lower than the baseline results, but is still negative and significant.
In summary, our results are very unlikely to be driven by measurement error. As we will see later, however, measurement error can be an important concern when using other measures of diversity in investment opportunities. Table 5 explores the stability of our main results. Since our main interest is the causal role of diversity, we focus on the coefficient on exogenous diversity change.
Alternative specifications
3 Using the measurement error framework, the coefficient on exogenous change in diversity is b varðDd n Þ þ covðD % q n ; Dd n Þ À covðDq; D % qÞcovðD % q; DdÞ=varðD % qÞ varðDd n Þ þ varðvÞ À covðD % q; DdÞ ½ 2 =varðD % qÞ . The bottom of this fraction is positive. The sign of the covariance bias depends on the sign of covðD % q; DdÞð1 À rÞ À covðDq; D % qÞcovðD % q; DdÞ=varðD % qÞ: Plugging in numbers, the sign of the bias is negative as long as r is less than 0.42. Table 5 Alternative specifications The dependent variable in regressions (1) and (3) through (5) is Dq À D % q; the change in excess value. Ds X is the exogenous change in the standard deviation of industry investment, caused only by changes in industry characteristics. Ds N is the endogenous change in the standard deviation of industry investment, caused only by change in corporate structure. Lagged variables are as of year t À 1: Column (1) restricts the sample to diversified firms with all segments in manufacturing industries, defined as two-digit SIC codes 20 through 39. In column (2), the dependent variable is Dm À D % m; the change in excess value measured using market-sales ratios, defined as the log ratio of the total market value to total firm sales. In column (3), diversity in industry investment is defined as the coefficient of variation of industry investment. CV is the coefficient of variation for industry investment, defined as the standard deviation of industry investment divided by the mean of industry investment. Lagged variables are as of year t À 1: DCV X is the exogenous change in the coefficient of variation of industry investment, defined as CV (year t structure, year t benchmarks) minus CV (year t À 1 structure, year t benchmarks). DCV N is the endogenous change in the standard deviation of industry investment, DCV N =DCVÀDCV X . Column (4) uses Fama-Macbeth estimation. Column (5) repeats the baseline specification using four-digit SIC codes instead of two-digit SIC codes in calculating all variables, and allowing the industry benchmarks to come from as few as one firm (instead of requiring at least five firms). The sample period is 1980-1997. ''Year and firm dummies'' indicate separate intercepts for each year and firm. The standard errors in columns (1)- (3), and (5), in parentheses, are calculated allowing for both heteroskedasticity and for the residuals to be correlated within each year. Column (1) shows the results of discarding diversified firms that have any segments in nonmanufacturing industries. One might expect measurement error in diversity to be lower in this regression, since investment to capital ratios are less wellbehaved in nonmanufacturing industries such as services, mining, and agriculture. Column (1), which has a sample size of about half the baseline sample, shows the coefficient on exogenous change in diversity becomes more negative and remains significant. Column (2) shows a version of the baseline regression replacing Q everywhere with M; the ratio of the market value to the total sales of the firm. The relation between excess value and exogenous diversity is again stronger compared to the baseline results. The coefficient on endogenous diversity is much higher but is estimated imprecisely. Column (3) measures diversity using the coefficient of variation of industry investment (the ratio of standard deviation to mean), rather than the standard deviation of industry investment. Again, the exogenous change in diversity has a significant negative effect (the coefficient is different from the baseline regression because the units of the diversity change variable are different). Column (4) uses Fama-Macbeth estimation; the coefficients on the exogenous change in diversity remain negative and significant.
Column (5) shows the effects of redoing the analysis using industry benchmarks (for both excess value and diversity) based on the four-digit SIC code of the individual segment, instead of two-digit SIC codes used elsewhere. Unfortunately, this increase in precision comes at the cost of reducing the number of observations, since it is more difficult to find five matching four-digit firms for each segment of the firm. To maintain a large sample size, we relax the constraint of a minimum of at least five matching focused firms, and instead require a minimum of only one matching firm. In other words, we allow the industry benchmark to consist of a single firm or the median of multiple firms. Thus the benchmarks underlying column (5) have better matching by industry, but also have greater noise due to firm-specific random variation. As a result, the diversity change variable has a much greater variance, presumably due to greater measurement error. Despite this noise, the coefficient on exogenous diversity change is still negative and significant.
In summary, our results are robust to alternate specifications, and are especially strong for manufacturing firms. This robustness to alternate specifications further suggests that measurement error or misspecification is not the driving factor.
Alternate measures of diversity in investment
Here we explore two alternate measures of investment diversity that incorporate information about the relative size of the various segments. The first measure we examine is diversity in resource-weighted investment. Rajan et al. (2000) present a theory in which both the diversity in segment resources and in segment investment opportunities determines investment allocation. They use a measure involving the standard deviation of investment opportunities multiplied by relative segment size (we examine their specific measure in the next section).
Our analog is the standard deviation of weighted investment, s1:
where again w j is the fraction of the firm's assets in segment j; I INDj is industry investment for segment j; and the firm has n segments. s1 is diversity in assetweighted investment. According to s1; a firm can have high diversity even if industry investment is the same for each segment, as long as it has segments of different size. Table 6 Alternative measures of investment diversity The dependent variable is Dq À D % q; the change in excess value. s1 is the standard deviation of assetweighted industry investment. s2 is the weighted standard deviation of industry investment.
where w j is the fraction of the firm's assets in segment j; I INDj is industry investment for segment j; and the firm has n segments. Ds1 X is the exogenous change in the standard deviation of asset-weighted industry investment and Ds1 N is the endogenous change. Ds2 X is the exogenous change in the weighted standard deviation of industry investment and Ds2 N is the endogenous change. Ds X is the exogenous change in the standard deviation of industry investment and Ds N is the endogenous change. Lagged variables are as of year t À 1: The number of observations is 11,974. All regressions include separate intercepts for each year and firm. The standard errors, in parentheses, are calculated allowing for both heteroskedasticity and for the residuals to be correlated within each year.
(1) (2) (3) (4) Our second alternate measure of investment diversity takes the opposite approach with segment size. The weighted standard deviation is s2:
In calculating diversity, s2 gives more weight to bigger segments. Consider a firm with 99% of its assets in one segment and 1% of its assets in another segment. Ceteris paribus, while s1 would view this firm as extremely diverse, s2 would view this firm as not at all diverse and almost the same as a focused firm. Table 6 shows results for the effect of diversity on excess value, again decomposing the change in diversity into an exogenous component reflecting changes in industry investment and an endogenous component reflecting changes in structure (which now include changes in segment assets). We show the diversity measures by themselves, and then in conjunction with our baseline diversity measure. As before, we include the lagged level of the particular diversity measure.
Column (1) shows the regression using s1; diversity in asset-weighted investment. As with the baseline specification, exogenous changes in diversity have a negative and significant effect on excess value. Column (2) adds changes in baseline diversity. The coefficient on Ds X is slightly lower than the coefficient in the baseline specification, and the coefficient on Ds1 X falls somewhat. Both exogenous changes are individually significant. Measurement error does not appear to be a problem in column (2), as the regression (not shown) of D % q on column (2)'s right-hand side variables results in a coefficient of 0.14 on Ds1 X and À0.01 on Ds X : Thus there is evidence that exogenous changes in asset-weighted diversity (in addition to unweighted diversity) destroy firm value. We interpret this surprising result as a victory for the resource-weighted approach Rajan et al. (2000) advocate.
Column (3) shows the results using s2; the weighted standard deviation of investment. The coefficients are similar to the baseline specification. Column (4) shows the effect of adding s: It turns out that Ds X and Ds2 X have a correlation of 0.95, so that multicollinearity plagues column (4). Although neither Ds X nor Ds2 X are individually significant, they are strongly significant jointly. Thus we conclude from columns (3) and (4) that it is impossible to tell whether Ds X and Ds2 X have separate effects on value, and that it does not much matter whether one uses the simple standard deviation or the weighted standard deviation in measuring investment diversity.
Direct measures of firm investment diversity
The evidence so far is consistent with the inefficient internal capital markets hypothesis. Here we provide more direct evidence using actual investment at the segment level, instead of just industry investment. Although this evidence cannot show causality, it also supports the hypothesis. Consistent with the results of Scharfstein (1998), Gertner et al. (1999) , and others, we find that diversified firms allocate capital expenditures in a socialistic manner.
The inefficient internal capital markets hypothesis implies that within-firm diversity in segment investment rates should be lower than measures of diversity based on focused firm investment rates, since diversified firms socialistically smooth investment across segments. To test this implication, we briefly examine segment investment, defined as the ratio of segment capital expenditures to segment sales. We use this ratio, denoted C/S, instead of the ratio of capital expenditures to capital stock, since capital stock is not available at the segment level (Lamont (1997) and Scharfstein (1998) also study C/S). Diversity in segment investment is the standard deviation of C/S within the firm, denoted s C=S-Segment : We restrict the sample to diversified firms where every segment has at least $20 million in sales, so that the focused firms and segments have the same minimum size.
In order to compare segment investment and focused firm investment, it is not appropriate to use industry medians (which we use elsewhere in this paper) because median C/S will generally have a lower variance than C/S. To make segment C/S and focused firm C/S comparable, we match each segment with an individual focused firm. We match by finding the focused firm in the same industry that has firm sales closest to the sales of the target segment. We then take the standard deviation of C/S for the matching focused firms, and for each diversified firm we calculate s C=S-Focus : s C=S-Focus is the simulated diversity level of a diversified firm that invests in the same way that focused firms do. Table 7 Direct evidence from segment capital expenditures Summary statistics and regression results for actual segment investment and investment of matching focused firms. C/S is the ratio of capital expenditures to sales for the individual segment or focused firm. s C=S-Segment is the standard deviation of segment C/S for each diversified firm, and s C=S-Focus is the standard deviation of matching firm C/S for each diversified firm. The sample is limited to diversified firms for which all segments have at least $20 million in sales. For means, the p-value is from a T-test, and for medians, the p-value is from a Wilcoxon signed-rank test. The number of observations is 7,514 for summary statistics, and 7,002 for regression results. For the regression results, the standard errors, in parentheses, are calculated allowing for both heteroskedasticity and for the residuals to be correlated within each year. Table 7 shows summary statistics for the diversity of segment investment. As predicted by the inefficient internal capital markets hypothesis, actual segment investment is smoother than the investment of focused firms in the same industry. Although the two measures of diversity are positively correlated (the correlation is 0.197), both mean and median s C=S-Focus are significantly higher than s C=S-Segment :
Another implication of the inefficient internal capital markets hypothesis is that s C=S-Segment should not move one-for-one with s C=S-Focus : This implication is central to our tests using exogenous changes in diversity, as excess values increase when diversity decreases due to shocks to industry benchmarks. In Table 7 , we report evidence from segment investment supporting this implication. We test whether the difference in s C=S-Focus and s C=S-Segment fluctuates when s C=S-Focus fluctuates. If Ds C=S-Segment is uncorrelated with Ds C=S-Focus ; then a regression of Ds C=S-Segment À Ds C=S-Focus on Ds C=S-Focus should result in a coefficient of negative one. Table 7 shows that the coefficient is not significantly different from negative one. However, we note that measurement error (along the lines discussed previously) is a major concern in Table 8 Diversity in asset-weighted Q The dependent variable is DQ À D % Q: RSZ is diversity in asset-weighted Q; defined as the standard deviation of asset-weighted Q; divided by % Q EW ¼ ð1=nÞ
s where w j is the fraction of the firm's assets in segment J; and Q IND J is the benchmark Q for segment J's industry. DRSZ X is the exogenous change in RSZ, caused only by changes in industry characteristics. DRSZ N is the endogenous change in RSZ, caused only by change in corporate structure including number and SIC code of segments and weights. Dln(Sales) is the log change in total firm sales. Ds X is the exogenous change in the standard deviation of industry investment ratios, caused only by changes in industry characteristics. Ds N is the endogenous change in the standard deviation of industry investment ratios, caused only by change in corporate structure. The number of observations is 11,974. All regressions include separate intercepts for each year and firm. The standard errors, in parentheses, are calculated allowing for both heteroskedasticity and for the residuals to be correlated within each year. this regression. Random noise in individual firm investment tends to drive the coefficient towards negative one. In addition to the problem of measurement error, Table 7 suffers from selection biases, since it examines endogenously chosen investment levels. Nevertheless, it at least shows that the available evidence on segment investment is consistent with the hypothesis that capital expenditures are inefficiently allocated within the firm. Taken together with the evidence shown previously on the causal channel between investment diversity and excess value, Table 7 provides direct evidence on how this causal channel operates. It appears that at least part of the value destruction we show occurs because internal capital markets are inefficient. Table 8 examines the diversity measure of Rajan et al. (2000) , which we call RSZ. RSZ is the diversity in asset-weighted Q; and is defined as:
Diversity of different characteristics
% Q EW is equal-weighted industry Q: As in our measure s1; the RSZ measure involves diversity in segment size measured by book assets. Column (1) of Table 8 reproduces basic results on excess value using a firstdifferenced version of the specification in Rajan et al. (2000) . In addition to the measure of diversity, their specification also includes the log of firm size and the inverse of the equal-weighted Q across the segments. The dependent variable is the first difference in excess value, measured without logs. The regression is not exactly the same as theirs because Rajan et al. (2000) use levels instead of differences, have a shorter time period, match by three digit SIC codes instead of two, use a more complex measure of Tobin's Q rather than the market-book ratio, and Winsorize the variables. Nevertheless, the results are broadly similar, as the coefficient of À0.116 (with t-statistic of 2.5) on diversity corresponds to the estimate of À0.276 (with tstatistic of 5.7) in Rajan, Servaes, and Zingales.
Column (2) splits the change in RSZ into exogenous and endogenous components, where as before the endogenous change reflects changes in corporate structure and the exogenous change reflects changes in industry characteristics. Column (2) shows that the effect of diversity comes largely through exogenous changes in diversity, as the coefficient on the exogenous change in RSZ is large and significant. Thus column (2) shows that endogeneity is not a major concern for the Rajan et al. (2000) results.
The major concern in Table 8 is measurement error, since industry Q's now enter directly into the diversity measure as well as the dependent variable. Thus measurement error in industry Q's has a greater potential to produce spurious results. To gauge the effects of measurement error, we start by putting the exogenous change in RSZ diversity into a two-variable regression. Column (3) shows the coefficient is still large and significant at À0.459. Column (4), however, shows the coefficient c is 0.906 in this setting. Thus with a r of 0.51, measurement error can completely explain the estimated coefficient on exogenous change in RSZ. Of course the value of r is a judgement call that the reader must make. Readers who believe measurement error is not a problem should set r ¼ 0; conservative readers who want to avoid false inferences should set r higher.
The full specification Rajan et al. (2000) use includes as a control variable the inverse of average industry Q for the firm's segments. Column (5) shows that this control variable does not eliminate the covariance bias. In the analogous multiple regression with the change in % Q as the dependent variable, the coefficient of 1.290 in column (5) is large, and could easily account for the coefficient of À0.664 in column (2).
Thus Table 8 shows that one must be careful in interpreting the empirical results using the RSZ measure of diversity, since the results are quite sensitive to assumptions about measurement error. ''Hard-wiring'' in the construction of the independent and dependent variables can lead to spurious results. Rajan et al. (2000) present a variety of evidence that measurement error is not driving their results, although most of their robustness tests involve other regressions with different dependent and independent variables (since explaining excess value with diversity is not their main focus). For these other regressions, they perform simulations, experiment with different control variables, and try alternative ways of constructing the variables. Based on Table 8 , we conclude that the Rajan, Servaes, and Zingales results on the relation between excess value and diversity are not convincing evidence in favor of their hypothesis, but this conclusion is a matter of opinion.
Despite these measurement error issues, we view our basic result, that diversity lowers firm value, as supporting the central premise of Rajan et al. (2000) . And, as shown in Table 6 , there is evidence that resource-weighting, as advocated by Rajan, Servaes, and Zingales, helps explain this value destruction.
Diversity in other characteristics
Berger and Ofek's (1995) finding that excess values are lower for firms in unrelated businesses is consistent with the inefficient internal capital markets hypothesis, but is also consistent with the general notion that unrelated diversification is value destroying. Unrelated diversification could be bad due to greater scope for inefficient cross-subsidization, but it could also be bad for other reasons, such as limited managerial talent. Since different industries have different levels of investment, diversity in industry investment could be proxying for more general diversity. Broadly, each year we would expect different industries to be different along many measurable dimensions, such as profitability, capital structure, and sales growth. The Table 9 Diversity in leverage, cash flow, and sales growth The dependent variable is Dq À D % q; the change in excess value. Leverage is the book value of debt divided by the sum of market value of equity and the book value of debt. Sales growth is net sales in year t divided by net sales in year t À 1: Cash flow is income before extraordinary items plus depreciation in year t divided by capital stock in year t À 1: Ds X is the exogenous change in the standard deviation of industry investment ratios, caused only by changes in industry characteristics. Ds N is the endogenous change in the standard deviation of industry investment ratios, caused only by change in corporate structure. DsZ X is the exogenous change in the standard deviation of industry variable Z; caused only by changes in industry characteristics. DsZ N is the endogenous change in the standard deviation of industry variable Z; caused only by change in corporate structure. Lagged variables are as of year t À 1: All regressions include separate intercepts for each year and firm. The number of observations is 11,974; the sample period is 1980-1997. The standard errors, in parentheses, are calculated allowing for both heteroskedasticity and for the residuals to be correlated within each year. greater the diversity in these values in a given year, the greater the degree of unrelated diversification. Table 9 examines diversity in characteristics other than investment. For each characteristic, we express diversity as the standard deviation in the industry characteristic. Table 9 examines each characteristic by itself and then in combination with investment diversity.
The first variable is leverage, the ratio of book debt to the sum of book debt and market equity. Lang et al. (1996) show that firm leverage is negatively related to capital expenditures of noncore segments, suggesting that high leverage prevents segments from taking advantage of investment opportunities, and that combining segments with high optimal leverage and low optimal leverage results in value destruction. Table 9 shows that by itself, endogenous changes in leverage diversity are negatively related to firm value. There is no evidence that leverage diversity causes lower values, since the exogenous change in leverage has a near zero effect. Finally, when adding the leverage diversity variables to our baseline regression, the coefficient on exogenous changes in investment diversity remains negative and significant.
This pattern is repeated for diversity in sales growth, where sales growth is year t net sales divided by year t À 1 net sales. Without investment diversity, only endogenous sales growth diversity has a negative and significant coefficient, and with investment diversity, both types of sales growth diversity are insignificant.
Cash flow diversity, however, does have a strong negative effect. Cash flow is the ratio of income before extraordinary items to prior year capital stock. Without investment diversity, both endogenous and exogenous changes in cash flow diversity have negative and significant coefficients. With investment diversity, the cash flow diversity coefficients are little changed. Compared to the baseline results, the coefficient on the exogenous change in investment diversity is somewhat lower at À0.210 instead of À0.302, and the coefficient on endogenous diversity changes falls dramatically. Exogenous investment diversity changes still have a significant effect, therefore cash flow diversity does not subsume exogenous investment diversity.
How should one interpret the results on cash flow diversity and investment diversity? Berger and Ofek (1995) use the presence of a segment with negative cash flow (where the cash flow being used is actual segment cash flow, not industry cash flow) as a marker for cross-subsidization. In this sense, low segment cash flow is similar to low segment investment opportunities in that it indicates a potential for draining resources from the good segments to spend on the bad segments. Thus one interpretation of the negative effect of cash flow diversity is that it supports the inefficient internal capital markets hypothesis, since cash flow diversity creates a situation where good segments can subsidize bad segments. When the bad segments get worse and the good segments get better, the cross-subsidization problem becomes more severe.
In summary, other measures of diversity do not subsume investment diversity. Cash flow diversity has an independent exogenous effect, however, which could be consistent with the inefficient internal capital markets hypothesis, but could also reflect the more general idea that unrelatedness is bad.
Conclusions
Diversification destroys value. Our results show that exogenous increases in the diversity of a firm's investment opportunities reduce firm relative value. Since we look at exogenous changes due to industry shocks, our results show that selection biases and endogenous diversifying behavior are not entirely responsible for the observed diversification discount. We also study the effect of measurement error, and find that although measurement error can cause spurious results for some specifications, our specification is relatively immune. These results support the inefficient internal capital markets hypothesis: diversified firms have low value because they allocate capital inefficiently across their different parts.
Our analysis has limitations. It does not imply that if one randomly aggregated focused firms into diversified firms, value would be destroyed. What we show is that exogenous increases in diversity destroy value, conditional on already being diversified.
We find that when firms endogenously choose to become more diversified, their excess value declines as well. In this case, however, the negative correlation between endogenous diversification and value may or may not be causal. Firms may be destroying value by diversifying or firms may be diversifying in response to value decreases.
Our paper is similar in spirit to using natural experiments to identify causality rather than correlation. Natural experiments, defined as episodes with large identifiable economic shocks that are plausibly outside of the control of the firm, are hard to find. When one does find an experiment, sample sizes are often low (Blanchard et al. (1994) have 11 firms, while Lamont (1997) has 26). In contrast, our paper provides a general technique to isolate causation in a wide variety of circumstances.
Future research could use this exogenous instrument in several ways. For example, Scharfstein (1998) and Palia (1999) find that diversified firms with higher CEO payfor-performance sensitivity have higher values and appear to engage in less inefficient cross-subsidization. Denis et al. (1997) find that the level of firm diversification is negatively related to equity ownership of managers and outside blockholders. One could test whether these results hold true for shocks to diversity: do exogenous shocks to diversity have a less negative effect in firms with better incentives? If so, the results would support an agency explanation.
We define Q as {market capitalization (from CRSP)+book assets (data item 6)Àbook equity (data item 60)Àdeferred taxes (data item 74)}/book assets (data item 6). The investment to capital ratio is capital expenditures (data item 128) divided by prior year net stock of property, plant, and equipment (data item 8). The marketsales ratio, M; is (total debt+market capitalization)/net sales (data item 12). Leverage is total debt/(total debt+market capitalization) where total debt is defined as long-term debt (data item 9)+debt in current liabilities (data item 34)+redemp-tion value of preferred stock (data item 56). The cash flow is the sum of income before extraordinary items (data item 18) and depreciation and amortization (data item 14), divided by prior year net stock of property, plant, and equipment (data item 8).
We drop firm-years if any of the following conditions hold: it has missing or nonpositive firm sales or firm assets; missing or nonpositive (for any segment) segment sales or segment assets; has any segment that Compustat assigns an onedigit SIC code of zero, six (financial), or nine (largely ''NO OPERATIONS''); the sum of segment sales is not within 1% of the total sales of the firm; the firm changes the month of its fiscal year-end such that in December of year t À 1 our latest information is from year t À 2: We also drop firms (such as GM) who report multiple firm totals for the same year (firms which report different Compustat total sales for the same CRSP permanent company identifier number).
